between experienced adjudicators. Given these persisting ambiguities, we propose more explicit criteria for distinguishing these categories. Significance: Accurate and consistent classification of cause of death among individuals with epilepsy remains a dire public health concern. SUDEP is likely underestimated in national health statistics. Greater standardization of criteria among epilepsy researchers, medical examiners, and epidemiologists to determine cause and classify death will lead to more accurate tracking of SUDEP and other epilepsy-related mortalities.
These definitions are the research standard in epileptology but are not used by forensic pathologists or epidemiologists involved with national death statistics. When applying this classification to adjudicate cause of death (COD) in the North American SUDEP Registry (NASR) and from consecutive series in the New York City (NYC), San Diego (SD), and Maryland (MD) Medical Examiners Offices (MEO), we identified ambiguities that contributed to inconsistent classifications by experts in epileptology, forensic pathology, cardiology, and epidemiology. Our main challenges were differentiating (1) Definite SUDEP Plus Comorbidity and Possible SUDEP and (2) Resuscitated (Near) SUDEP and SUDEP. We review the criteria in ambiguous cases and suggest additional clinical and pathological features for more consistent and reliable classification.
| METHODS
We reviewed 250 NASR and 1301 MEO (698 MD, 457 NYC, 146 SD) cases. Two epileptologists with SUDEP expertise independently reviewed medical records, scene investigation, autopsy, and toxicology and assigned a SUDEP class. In cases with disagreement, a third epileptologist reviewed the case. We also held a 2-day meeting where 20 ambiguous NASR cases (epileptologists disagreed on SUDEP classification) were presented to 4 epileptologists, an epidemiologist, a cardiologist, and a forensic pathologist/medical examiner. The group also reviewed 25 cases in which both epileptologists agreed; in 4/25 cases either the forensic pathologist or cardiologist disagreed with their adjudication. The group discussed sources of the ambiguities. Reaching a consensus often required modifications to Nashef criteria to more precisely differentiate clinical or pathological features.
In our group discussion and in prior studies, 5, 6 forensic pathologists gave greater weight to pathological findings, while epileptologists gave greater weight to recent seizure history and clinical factors (eg, nonadherence with antiseizure medications 5 ). Thus, adjudicator background influenced classification. Based on the group discussion, we proposed modifications and clarifications to the Nashef criteria that incorporated the input of a forensic pathologist (E.B.) and SUDEP researchers. We then tested the reliability of these modified criteria for SUDEP adjudication by asking 5 reviewers (E.B., D.H., B.M., E.D., and F.H.) to review 20 cases after presenting them with the modifications and examples shown in Tables 1, 2 , and 3. We also suggest changing "Plus" to "Plus Comorbidity" and "Near SUDEP" to "Resuscitated SUDEP." Challenging diagnostic cases were selected to reflect the potential ambiguity (Definite SUDEP Plus Comorbidity vs Possible SUDEP;
Resuscitated SUDEP vs SUDEP). None of the 5 reviewers had previously seen these cases. The interrater reliability was assessed by calculating the intraclass correlation coefficient in a 2-way random-effects model with absolute agreement (Stata 15.1, Statacorp, College Station, TX, USA).
| RESULTS AND RECOMMENDATIONS
For discrepant areas, we provide recommendations summarized in Table 1 with supportive case scenarios in Table 3 .
| Definite SUDEP Plus Comorbidity versus Possible SUDEP
Definite SUDEP Plus Comorbidity is distinguished from Possible SUDEP based on the role of a potential combinatorial or competing COD identified before death, during death scene examination, or autopsy. 4 For Definite SUDEP Plus Comorbidity, a concomitant condition/disease may have contributed to COD but was unlikely an independent COD. For Possible SUDEP, a competing independent COD was present. Thus, in Possible SUDEP, the concomitant disorder (eg, arrhythmia) could have caused death on its own, without a contribution of epilepsy. Uncertainty was most commonly due to (1) cardiac disease, (2) pulmonary disease, (3) other potentially fatal medical disorders, (4) drowning, (5) intoxication, (6) suffocation, (7) incomplete data regarding recent seizure activity, and (8) incomplete investigation (eg, absent or partial autopsy, lack of toxicology, or insufficient detail in autopsy report).
The Definite SUDEP Plus Comorbidity examples of Nashef 4 include epilepsy patients with (1) long-QT syndrome (LQTS) who died suddenly without a witnessed seizure; no COD on autopsy, (2) LQTS found dead in bed and Examples of Possible SUDEP provided by Nashef include 2 cases of an epilepsy patient without preexisting condition found dead in water but not submersed, under benign circumstances: (1) no autopsy and (2) autopsy did not show drowning. Autopsies almost never confirm drowning; it is usually a diagnosis of exclusion (see below). These 2 cases highlight challenges in distinguishing SUDEP and drowning as COD. The Oxford English Dictionary defines submersed as "covered with water, lying or growing under water," while the forensic pathology definition is "upper airways (nose, pharynx, larynx, extrathoracic trachea) are underwater." In many NASR and ME cases, the decedent was face down on the surface of a partly filled bathtub or body of water. This could be submersed or nonsubmersed depending on the definition. We define drowning as primary respiratory impairment from submersion/immersion in a liquid that prevents air exchange; the victim may live or die. A further confound is that a body underwater or an airway obstructed by water could occur during or after death. Although <2% of drowning victims have normal lungs at autopsy, 7 excess lung fluid can result from inhaling water during drowning, pulmonary edema, or postmortem changes (eg, water moving passively into the airway). Finally, "dry drowning" can rarely occur. If an epilepsy patient dies in a bathtub without water obstructing their airways, and the scene investigation and autopsy reveals no other COD, the classification should be Definite SUDEP. However, if the decedent's airway is obstructed by water, whether the body is below water, and the death certificate indicates drowning, the best classification is Possible SUDEP. Pulmonary congestion or edema and heavy lungs (>1000 g combined) are common in SUDEP cases without suspected drowning 8 and in drowning victims without epilepsy 7 ; thus, these findings cannot differentiate SUDEP with subsequent submersion from drowning for another reason. Nashef's third Possible SUDEP example, a patient with uncontrolled epilepsy found dead in daytime where autopsy revealed aspiration of gastric contents of unspecified amount. If witnesses observed death while eating or vomiting, or if pathology quantified the volume of aspirated fluids and intensity of an inflammatory response, the role of aspiration as a contributing factor or COD could be more accurately determined. The lack of detailed clinical or pathological data makes this Possible SUDEP. Additional scenarios can arise where the COD is uncertain, and adjudication is probabilistic relying on experience and judgement (Table 4) .
Heart disease is a leading COD. For sudden deaths with cardiac pathology on autopsy, but no other structural or toxicologic abnormality, COD is often certified as heart disease without an acute cardiac lesion. When this occurs in a person with epilepsy, distinguishing between an arrhythmogenic and an epileptogenic death is often impossible. Cardiomegaly, coronary artery disease, and cardiac fibrosis occur in SUDEP and other epilepsy deaths. 8 The incidence and severity of cardiac, brain, and other systemic pathologies increases with age, increasing the frequency of Possible SUDEP classification in older individuals. 5, 6 An unresolved critical issue is distinguishing competing versus contributing COD based on degree of cardiac (and other) pathology. For example, a patient with severe coronary artery disease and prior MI, seizure-free for >5 years, who complains of chest pain while shoveling snow and dies minutes later, is Not SUDEP. A patient with uncontrolled convulsive epilepsy and well-controlled hypertension, found prone in bed, and autopsy reveals mild (<50%) coronary stenosis, is Definite SUDEP. If the coronary stenosis is moderate (50%-75%), we suggest Definite SUDEP Plus Comorbidity. If the stenosis is marked (>75%), we recommend Possible SUDEP unless there was a terminal seizure (ie, witnessed convulsion, tongue/cheek bite); then we suggest Definite SUDEP Plus Comorbidity. These arbitrary cutoff percentages can help standardize classifications. Seven cases with disagreements between Definite Plus Comorbidity and Possible SUDEP due to cardiac disease employing the Nashef criteria 4 are summarized in Supplement S1 (Cases 1-7). Pulmonary disease is another leading COD. Aspiration pneumonia, bronchopneumonia, and pulmonary edema (coded as a circulatory system disorder) are common findings among decedents with epilepsy. Compared to the general population, people with epilepsy (PWE) have 2.7-7.2-fold elevated rates of aspiration and infectious pneumonia on autopsy.
9,10 Pneumonia may be incidental (insufficient to contribute to mechanism of death), mechanism of death (eg, aspiration bronchopneumonia due to seizures), or underlying COD independent of epilepsy (Supplement S1, Case 8). Some studies document the frequency of pneumonia in SUDEP cases, but most do not provide sufficient information to answer these questions. Some SUDEPs may be misclassified as pneumonia. A comprehensive study of deaths due to pneumonia comparing epilepsy and nonepilepsy controls is needed. Gross and microscopic pulmonary pathologies are common in routine autopsies of children and adults. [11] [12] [13] The role of pulmonary pathology in the COD is supported or refuted by its severity and specificity (ie, not incidental or agonal) as well as clinical setting and other findings. Stomach contents can be found in the airways at autopsy in deaths of all causes and manners due to (1) choking on food (food bolus identified in the larynx, trachea, or bronchi), (2) antemortem regurgitation causing reactive changes (eg, necrosis, inflammation) in airway lining, (3) agonal reflux (usually too short to cause reactive airways changes), and (4) postmortem passive transfer of stomach contents (no reactive airway changes).
14 Distinguishing agonal/incidental aspiration and postmortem passive transfer from a lethal aspiration may be impossible solely on pathological data. 15 A witnessed aspiration, death suddenly while eating, or a food bolus in the airways are key; otherwise, aspiration as COD remains speculative. 14 In homes or hospitals, aspiration-related deaths occur often in elderly with depressed consciousness due to illness or sedative medications, sputum suctioning, daily oxygen, feeding support, or dysphagia due to a neurological disorder (eg, stroke, dementia). 16 In hospitalized patients, dyspnea and bilateral pulmonary infiltrates are common. 16 Aspiration pneumonia is uncommon in otherwise healthy epilepsy populations, occurring in 0.27% of adult epilepsy outpatients per year and in 0.25% of patients with ≥1 convulsion during video-EEG admission. 17 Over a year, among PWE with moderate-severe intellectual disability at long-term care facilities, aspiration pneumonia occurred in 18% after a convulsion and in 34% without a witnessed seizure. 17 Aspiration pneumonia can be fatal for PWE or persons with intellectual disability. 18, 19 Children on sedating antiepileptic drugs (eg, benzodiazepines), which may increase saliva and depress protective reflexes, have higher rates of lethal aspiration pneumonia. 19 Fatal choking can complicate a seizure but is more commonly associated with impaired swallowing (eg, cerebral palsy, intoxication). At our MEOs, aspiration or choking on food was the COD in 18/1301 (1.4%) of epilepsyrelated deaths. Fatal postictal aspiration within hours of a seizure is not well documented in the medical literature. Recommend that positional asphyxia is not a competing cause since the asphyxia is contingent on the postictal state to explain both why the patient is in the airway-compromising position (eg, prone in pillow, neck compressed to obstruct airway) and why the patient did not arouse to recover. Other Medical and Neurological Disorders. Many disorders-infections, cancer, liver disease, hematological disorders, stroke, neurodegenerative diseases-can be lethal. If epilepsy is comorbid, determining COD relies on evidentiary strength based on probabilities. The issues are similar to those elaborated for heart and pulmonary disease. An ambiguous case with epilepsy and cirrhosis is presented in Supplement S1 (Case 9).
Manner of Death includes natural, accident, suicide, homicide, or undetermined categories. Some jurisdictions include therapeutic complication. PWE have higher rates of natural (eg, SUDEP) and accidental deaths (eg, drowning, suffocation, foreign bodies, falls, fires, suicide, and car accidents) than population controls. 20 There are divergences in classifying these deaths. If a PWE is found dead in bed face down in a pillow, some forensic pathologists certify this as accidental with asphyxia during seizure due to epilepsy as COD while others, as natural with epilepsy as COD. The classification is natural with SUDEP as COD, since "within the context of postictal coma, position alone is not the COD." 4 The current criteria do not specify how to classify a PWE who dies in between the toilet and wall with their neck twisted to obstruct the airway and/or vessels. This death could be accidental (asphyxia due to neck compression) or natural (SUDEP since the position and inability to extricate themselves resulted from the seizure and postictal coma Data supporting a recent seizure. SUDEP as a COD is strongly supported by a witnessed habitual seizure, death scene suggestive of recent seizure (abnormal positioning in bed), or evidence of a seizure (tongue/lip/cheek laceration). Our forensic pathologists and epileptologists often had different interpretations of blood around the mouth without a typical tongue/lip/cheek bite. Epileptologists considered this a recent seizure sign, while forensic pathologists considered this nonspecific, especially if decomposition was present.
| Resuscitated (Near) SUDEP
The Near SUDEP definition is obscured by imprecise continua at both ends of the spectrum-those who recover and those who do not. 21 For those who recover, investigators can rarely know whether resuscitation was necessary, or recovery would have occurred spontaneously. During postictal generalized EEG suppression, patients may have shallow/absent respiration and hypotension. 26 Yet, >99% of postictal states resolve spontaneously, often accelerated by repositioning, suctioning, calling the patient's name, or oxygen administration. 27 By contrast, a patient with postictal ventricular fibrillation who was treated with intravenous medication and cardioverted 5 times before obtaining a normal cardiac rhythm would likely have died from SUDEP without resuscitation. 28 Ictal and postictal arrhythmias are common and almost always spontaneously resolve. 21 Thus, Near SUDEP does not accurately describe most arrhythmias because resuscitation is rarely necessary.
We suggest the use of the term Resuscitated SUDEP instead of Near SUDEP, since it more accurately describes most of these cases. Table 5 compares features of Resuscitated SUDEP and SUDEP cases from NASR. In NASR and MEO cohorts, many resuscitated cases survived >1 hour but later died from secondary causes (eg, infection, multi-organ failure). Decedents who regained circulation postresuscitation rarely had documented death assessment by neurologic criteria; some may not have survived for >1-hour postarrest and were best classified as Definite/Probable SUDEP. However, resuscitation is common in children, in whom circulation may be restored, and then care later withdrawn due to severe anoxic brain damage.
Most Resuscitated SUDEP cases are witnessed or identified shortly after the life-threatening event. Despite timely cardiopulmonary resuscitative efforts, many Resuscitated SUDEP cases die. There may be pathophysiological differences between fatal Resuscitated SUDEP and non-fatal Resuscitated SUDEP, but the current definition of Near SUDEP does not differentiate these (Supplement S2).
We recommend dividing Resuscitated SUDEP into 2 categories: failed resuscitated SUDEP and potential resuscitated SUDEP, distinguishing cases more responsive to resuscitative efforts with a greater chance for meaningful recovery. This parallels "delayed death" in sudden infant death syndrome (SIDS), where resuscitation delays death iñ 6.4% of cases. 29 Pathophysiological differences could be blurred if intervention is delayed beyond a critical time. Some SUDEP and failed Resuscitated SUDEP may be classified as potential Resuscitated SUDEP if resuscitated earlier. In addition, many failed resuscitated SUDEP cases would be fatal without resuscitative efforts; thus, failed resuscitated SUDEP may be equivalent to SUDEP. Postictal cardiopulmonary arrests are more likely to be resuscitated within 3 minutes if they occur during daytime In patients with epilepsy, sudden deaths recorded with audio-visual, electrocardiography (ECG), and EEG usually occur shortly after a generalized convulsive seizure 30 or, infrequently, without evidence of a preceding seizure. 32 Autopsies in most well-documented sudden deaths do not reveal an alternative COD. Accurate COD determination requires explicit acknowledgement of the uncertainties to identify gaps and develop tools and strategies to improve the quality of evidence and develop more precise criteria to consistently classify COD.
